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used to calibrate the model in the first place. In some models the imposition
of particularly influential boundary conditions is also a form of model
calibration, in that variables closely associated with the prescribed conditions
cannot be used for independent model validation. An example is the surface-
air temperature simulated over the oceans in a GCM in which the sea-surface
temperature has been prescribed.

Most climate models have been given at least preliminary validation in
terms of a comparison of climatological averages with the simulated time
means of selected climatic variables. In the case of GCM's, for example, such
validation has usually included the sea-level pressure, the temperature and
geopotential at one or more levels in the free air, and the total precipitation
as simulated for a month or season in comparison with the corresponding
climatological distributions. In terms of these and other variables, modern
climate models provide a reasonably satisfactory simulation of the large-
scale global climate and its average seasonal changes. Even here, however,
the different sets of observed data that have been used for validation are not
of the same quality, and the effects of uneven data coverage are not taken
into account. For many of the variables simulated in a climate model it is
difficult to find suitable observational data sets available for model validation,
even though these variables may be ones in which there is great practical
interest (see the section Detection Strategies). Examples of such data are the
cloudiness, the surface evaporation and heat flux, and the soil moisture,
commonly simulated in GCM'S, and the parameterized fluxes of heat and
moisture, commonly simulated in one- and two-dimensional models.

As important as the time-averaged distributions of the climatic variables
themselves may be, the simulated variance, covariance, and other higher-
order statistics are of equal importance in the validation of a climate model.
Only a limited amount of such verification has been made for GCM'S because
of the need for extended integrations and the lack of the needed observational
statistics. Many of the more highly parameterized models, moreover, address
at most only an equilibrium seasonal climate and thus do not simulate either
the seasonal or the interannual variability associated with the transient
synoptic-scale eddies. The validation of the equilibrium statistics of such
models is therefore confined to the comparison of equilibrium fields with
long-term seasonal climatology.

In addition to verification in terms of time-averaged statistics, an important
aspect of climate-model validation is the confirmation of the essential
correctness of the major physical parameterizations in the model. Chief
among these are the model's treatment of clouds and their effects on radiation,
the variations of snowcover and sea ice, and the surface exchanges of heat
and moisture; in no climate model do these parameterizations rest on
completely satisfactory theoretical or empirical bases. If climate models are